Seed systems that provide farmers with planting materials may be divided into formal and informal systems. For the sweet potato sector, the informal seed system is the main provider of planting materials to small and medium sized farmers in developing countries. This informal system provides planting materials to smallholder farmers at the right time, place and quantity. However, for it to be effective there must be an appropriate means of communication between multipliers and buyers of sweet potato vines. This may be achieved with the use of mobile phones. Mobile phones are said to have great impact in improving trade through provision of accurate and timely information directly to farmers. However mobile phones usage in agriculture is still low. Many farmers still rely on the traditional way of accessing information which seems inadequate. This study characterized users and non-users of mobile phones and assessed factors that influenced mobile phones usage in sweet potato vines trade. A cross sectional causal comparative survey research design was used. The study obtained primary data from 140 randomly selected respondents in three purposively selected project sub-counties in Gulu district. Descriptive statistics and probit regression were used to analyse the data. Our results indicated that users and non-users of mobile phones in sweet potato vines marketing differed in a number of socio-economic characteristics. Users of mobile phone were on average younger, better educated and had bigger sweet potato fields. The Probit regression results revealed that the farmers' age negatively influenced the decision to use mobile phones in sweet potato vines trade. On the other hand, education and household income positively influenced the decision to use mobile phones in sweet potato vine trade. Mobile phones therefore have potential for improving the livelihoods of smallholder farmers and should be specifically targeted to lure the youths into agriculture.
INTRODUCTION
Sweet potato is vegetatively propagated using cuttings preferably from the tip of the growing plant (Wilson, 1988) . Long dry seasons destroy the planting material and require an effective seed system to facilitate early planting and to assure farmers of a good crop (Gibson et al., 2009) . A seed system refers to an organised, formal or informal mechanism through which farmers get planting materials (Louwaars et al., 2010 ). There are two major seed systems. The formal seed system which involves production of seeds by institutions following specific rules and regulations, maintaining distinctiveness, uniformity of seeds and following an organized channel of distribution (FAO, 2004) . While the informal seed system sometimes referred to as the traditional or farmer seed system is where farmers select, produce and manage their own seeds usually local varieties and the distribution is through farmer to farmer networks (Wekundah, 2012) . The informal seed system accounts for over 80% of the total area planted under subsistence crops (FAO, 2004) . In Uganda, sweet potato planting materials spread through the informal seed system which is always affected by dry seasons. However, closer to the equator at 1˚ a sweet potato crop planted in the previous rainy season can survive the short dry season, allowing farmers to obtain planting materials from their own surviving crops or from their neighbours', but in Gulu just at 2˚ north of the equator, farmers need to conserve sweet potato planting materials in wetlands or shade during the long dry season in northern Uganda (Gibson et al., 2009) . The trend in the agricultural seasons in northern Uganda therefore creates opportunities for those near wetlands, to conserve and multiply sweet potato vines in dry seasons and sell at the onset of the rainy seasons. However, this can only benefit farmers far from wetlands when mobile phones are put into good use to communicate information on the availability of sweet potato vines and make business transactions.
Mobile phones are known to speed up the pace at which farmers access and use different agricultural information (Nyamba and Mlozi, 2012) . However, farmers always seek information from one another on: Where to buy agricultural inputs and who pays the highest output price in the market, but rarely find answers to these questions even if related ones arise yearly (World Bank, 2011) . This has been linked to poor access to production and market information especially in rural areas where farmers rely on neighbours and friends to access market information. These traditional methods of accessing and disseminating information seem inadequate and do not provide timely information and hence affect crucial decisions including planting time of sweet potatoes. It is therefore important to find and use alternative ways to access production and market information and mobile phones could be the answer.
Many development partners have been trying to introduce the use of mobile phones in the agriculture sector to improve access to production and market information (Akiiki, 2006) , but their efforts end with the projects due to poor targeting as characteristics of people likely to adopt and use the intervention are not clear. The factors that influence use of phones in agriculture seems not clear and identifying these factors will enable stakeholders devise possible strategies to address the issues limiting mobile phone usage in agriculture. This study characterized users and non-users of mobile phones for information access and investigated factors influencing smallholder farmers' decision to use mobile phones' in sweet potato vine marketing business in Gulu district of northern Uganda.
HISTORY OF TELEPHONE/MOBILE PHONE IN UGANDA
South-eastern African region collectively provided the telephone services to their members by the government of Uganda, Kenya and Tanzania before the year 1977 (Econ One Research, 2002) . However in 1977 Uganda left the regional shared services model by establishing the Uganda posts and telecommunication corporation (UPTC) as a state owned monopoly provider of telecommunication services. The services provided by UPTC by then were poor with limited innovation (Econ One Research, 2002) . To address the above gap, transformation of the industry was done through privatization and liberalization. In 1993 Celtel, was issued a license to provide telecommunication services other than UPTC in Uganda. However, the license was for cellular not fixed-line services. Celtel Uganda started providing services in 1995. In 1998, Uganda telecommunication limited (UTL) was established as state owed company but was privatized in 2000 and started operating in 2001. In the same year (1998), mobile telephone network (MTN) and started operating in October the same year. These were then followed by other companies (Warid, Orange, Africel) among others.
The introduction and establishment of the many telephone companies in Uganda increased competition and rapid development of mobile phone use inn Uganda from 1% in 2000 to 48% in 2012 (World Bank 2, 2013) . This also came with a lot of initiative such as mobile money services which enables one to save, send, money to another, pay bills through ones' subscriber identification module-card (SIM-Card) (Aker and Mbiti, 2010) and mTrac that was initiated by ministry of health together with United Nations International Children Efficiency Fund (UNICEF) (Maree et al., 2013) , alongside voice and SMS application.
Mobile phone in agriculture
Mobile phones serve a number of purposes. Phones have shifted from being just voice device to a multimedia (Muto and Megumi, 2009; Mwakaje, 2010; Lashgarara et al., 2011) . Mobile phones usage facilitates transactions and provides producers access to relevant and timely information, allowing them to make wise decision (Dhaliwal and Joshi, 2012) . Mobile phones can be used by farmers in coordinating access to agricultural inputs; including agricultural training, seeds, livestock and pesticides from local dealers, governmental, non-governmental organizations, agriculture extension agents and community members without any physical contact and access to the market (Martin and Abbott, 2011) . In the past individuals would travel to seed dealers only to find all seeds had been sold but today, individuals call or send SMS and make appointments before travelling and payments can be made through mobile money services provided by telephone companies (Mpesa, Airtel money, MTN mobile money) (Olwande et al., 2013) . Information according to Lashgarara et al. (2011) is needed by smallholders to enable them make an informed decision at each stage of the agricultural production cycle. Limited information constrains farmers to know about prices in only few nearby markets within a village or town since they cannot move to more than one market a day due to high transport costs (Jensen, 2007) . Improved information access through mobile phones may help to improve poorly performing markets through reduction of price disparity within markets (Jensen, 2007; Abraham, 2007) and reduction of transport cost and other transaction costs.
MATERIALS AND METHODS
This study was carried out in three sub-counties in Gulu district. Bungatira, Unyama and Koro. These sub-counties are characterized by presence of wetlands and year round flowing streams that can be used to support dry season sweet potato growing and reliance on sweet potato to earn a living.
A sampling frame was drawn up and respondents were randomly selected using random numbers table in proportion to the number of sweet potato vine multipliers in each sub-county. All the town sweet potato vine sellers were surveyed because they were only 9. The procedure resulted into 140 respondents with; 131 multipliers and 9 town sellers.
The study employed a cross sectional causal comparative research design. Data were collected in 2015 using personally administered pre-tested questionnaires. Data were entered in SPSS version 20 and analysed using STATA package version 13. Variables used in the study are presented in Table 1 .
Conceptual framework
The need to improve smallholder farmers' access to agricultural and market information which in the past relied on extension agent and yielded limited impact has led to development of new models. The new models of information dissemination include the use of radio, television, newspapers, computers, and mobile phones (Aker, 2011) . Of the above, mobile phones stand out as a cheap, timely and direct means of informing farmers (Dhaliwal and Joshi, 2012) . This study uses random utility theory, to analyse adoption of innovations under uncertainty (Pannell, 2003) . The concept of utility was first put forward by Bentham in 1748 (Read, 2007) . Following Bentham's idea a farmer will only use a mobile phone in sweet potato vine marketing transactions if he/she expects to benefit from it.
The decision to use a mobile phone is likely to depend on a number of factors such as market, household and social factors ( Figure 1 ). Household factors such as age and primary occupation positively influence farmers' decision to use ICTs including mobile phones (Okello et al., 2012) , gender has both negative and positive influences (Mwakaje, 2010) . Males and high income earners are more likely to use mobile phones for agricultural purposes than their counterparts; phone ownership also increased its use (Nyamba and Mlozi, 2012) . Group members are also more likely to use ICT/mobile phones to access agricultural information than nongroup members (Okello and Mensah, 2011) .
Furthermore, market factors for example expected price and distance to the market positively influenced mobile phone use in agriculture. People far away from the market use more of mobile phones to access market information than their counter parts closer to the markets. They can also sell more and receive better prices through better connections to markets (Mwakaje, 2010) . Mobile phones can also benefit farmers by reducing transaction time, reducing market and inputs search cost (Mittal and Mehar, 2012) .
Model specification
Usage of mobile phone is associated with costs and benefits. Costs may arise from purchase of airtime (credit/data), charging of phone batteries and maintenance. Benefits on the other hand may arise from better access to information, reduced transaction costs, higher sales volume, minimal losses, and better prices. The decision to use a mobile phone in agriculture by a farmer can therefore be modelled building on random utility theory model framework mainly used to analyse adoption of innovations under uncertainty (Pannell, 2003) . A farmer uses a mobile phone if the expected benefit out weights the cost of using a mobile phone. The decision to use a mobile phone is therefore a binary choice variable assuming utility maximization subject to household resource constraint(s), social factors and market factors. The actual utility level of each individual farmer is unobserved. The part of the utility function that is observed can be expressed as a function of the vector of exogenous variables and a vector of parameters β to be estimated. , where:
The vector includes farm and household characteristics like income, age, group affiliation, etc., part of the farmer's utility which is unobserved is represented by an error term . The farmer chooses to use a mobile phone if the utility derived from mobile phone usage is greater than the utility derived from non-usage.
The probability of a farmer using a mobile phone is given by Pr( < β ). This can be estimated using probit or logit models. The Probit model was selected because the error term assumes a normal distribution (Dow and Endersby 2004 
RESULTS AND DISCUSSION

Differences in characteristics of users and non-user of mobile phones in sweet potato vine marketing
Users and non-users of mobile phones in sweet potato vine marketing were compared; t-tests and chi-square test were used for continuous and categorical variables respectively. Significant differences were observed between users and non-users of mobile phones in sweet potato vine marketing (Table 2) . Results further indicate that there were significant differences in the mean age, mean number of years spent in school, farming and sweet potato production experience, annual income, household size and sweet potato field size between users and non-users of mobile phones. Mobile phone users were on average younger, spent more years at school, had less farming and sweet potato production experience, and had higher annual incomes and bigger sweet potato fields but with smaller household sizes. There was no significant difference in the mean quantity of sweet potato vines sold in a year and mean quantity lost in a year between users and non-users of mobile phones. There were also no significant differences between users and non-users of mobile phones in-terms of, vine marketing experience, prices received and distance from home to the markets. For categorical variables, gender, marital status, primary occupation and group affiliation were not significantly different between users and non-users of mobile phones in sweet potato vine marketing business. Frequencies of sweet potato vine sales and labour hire were significantly different between users and non-users ( =25.8520, P= 0.000 and =7.8229, P=0.020, respectively).
Demographic characteristics of respondents
Of the 131 multipliers surveyed, 106 (80.9%) were female while 25 (19.1%) were male. On the other hand all the 9 town sweet potato vine sellers surveyed were women. Majority of those involved in sweet potato vine marketing business are females. Most multipliers surveyed were young (youth) aged < 36 years 68 (51.9%) and middle aged from 36-55 years 47 (35.9%) categories. The other category considered old was aged > 55 years 16 (12.2%). On the other hand, of the 9 town sellers surveyed 3 (33.3%) were young aged < 36 years, 5 (55.6%) were middle aged (36-55 years) and 1 (11.1%) was old aged > 55 years. The minimum age of those surveyed was 18 years and maximum was 78 year.
Production and sale of sweet potato vines are mostly done by youth and middle aged people, probably because dry season growing and marketing of sweet potato vines are so demanding in terms of time and labour and need energetic and patient people. Of the 131 multipliers surveyed, 64 (48.9%) had spent 0-5 years in school, 56 (42.8%) had spent from 6-10 years in school and 11(8.4%) had spent from 11-15 years in school. On the other side, of the 9 town sellers, 3 (33.3%) had spent 0-5 years in schools and 6 (66.7%) had spent from 6-10 years in school. Majority of sweet potato vine multipliers and town sellers could have stopped in primary education. In case of marital status, 114 (87%) of multipliers surveyed were married, 2 (1.5%) were single, 6 (4.6%) were divorced and 9 (6.9%) were widowed. However, for the 9 town sellers, 5 (55.6%) were married, 2 (22.2%) were divorced and 2 (22.2%) were widows. On household size, of the 131 multipliers surveyed, 31 (23.7%) had < 5 people, 88 (67.2%) had household size of 5-10 people, 10 (7.6%) had size of 11-16 people and 2 (1.5%) had household size of > 16 people. On the other hand, of the 9 town sellers surveyed 2 (22.2%) had household size of < 5 people and 7 (77.8%) had household size of 5-10 people. Majority of respondents had household size of more than 5 people, probably because most of the people in the study areas marry when they are young and stay as extended families.
As expected, nearly all respondents 129 (98.5%) and 5 (55.6%) for multipliers and town sellers respectively reported that they rely on farming as their primary occupation and 2 (1.5%) multipliers and 4 (44.4%) town sellers said they rely on small businesses. This is likely because most of them did not attained high level of education and most likely they cannot be hired to do formal jobs and probably have limited capital to venture into medium and large size businesses.
Mobile phone ownership in the study area
Slightly less than half 62 (47.3%) of the 131 multipliers owned mobile phones. However, all the town sellers surveyed owned mobile phones, probably because they were given mobile phones by Commercialization of sweet potato Planting Materials in Northern Uganda -project. Of the 62 multipliers who owned phones, 47 (75.8%) were females and 15 (24.2%) were male. This is probably because sweet potato vine marketing business is done mostly by women. Of the 47 females that owned mobile phones, 43 (91.5%) used it in sweet potato vine marketing business. On the other hand, of the 15 males that owned mobile phones, 13 (86.7%) used them in sweet potato vine marketing business.
Use of mobile phones
All the respondents had used mobile phones in the last one year mainly for social communication (calling loved ones). However, in the study, 53 (40.5%) of the multipliers used mobile phones exclusively for social communication while the rest 78 (59.5%) used mobile phones for both social communication and sweet potato vine marketing purposes. On the other hand, all the 9 town sellers used mobile phones for both social communication and sweet potato vine marketing purposes. This shows that social communication still takes the larger portion of activities for which mobile phones are used. This finding coincides with other findings for instance that of (Mittal and Mehar, 2012) . Of the multipliers that used mobile phones for conducting sweet potato vine marketing business, 65 (83.3%) were females and 13 (16.7%) were males. This could be because more females than males are involved in sweet potato vine marketing business.
Other mobile phone services and applications used other than voice calls
Of the 78 multipliers who used mobile phones, 16 (20.5%) of them used other services and applications. Of the 16 multiplies, 10 used mobile money services only, 7 used both mobile money services and SMS, 4 used SMS only, none used both mobile money services and mobile phones as calculator, 2 used mobile phones as calculator only. The total number of users of other mobile phones services and application exceeds 16 because of multiple uses (one person using more than one services and applications). On the other hand, of the 9 town sellers surveyed only 4 used other mobile phone services and applications. Of the 4, 3 had used mobile money services only and 1 used both mobile money service and SMS. The low number could be due to lack of knowledge and confidence to operate mobile phones.
Volume of calls and districts where calls were made from
The average numbers of calls received and made by multipliers were approximately 2 in a week in each case. On the other end, town sellers received on an average 22 calls and made 28 calls in a week. This could be liked to limited income among multipliers of sweet potato vines. The town sellers received and made more calls probably because they are connected to many customers, sell more and get better income. Of the multipliers who used mobile phones in sweet potato vine marketing 24 (30.8%) received calls from other districts as orders for sweet potato vines. In the case of town sellers 8 (88.9%) received calls from other districts as orders for sweet potato vines. The districts where calls were made include: Apac, Kitgum, Nwoya, Amuru, and Pader among others. However, most calls were made from Kitgum and Pader districts. This could probably be because of high sweet potato vines demand in the two districts. Payments for sweet potato vines ordered through mobile phone calls were received by multipliers in the following ways: Through bodaboda riders (people who use motorcycles to carry passengers), 72 (92.3%) of multipliers, 4 (5.1%) went and picked their money and 2 (2.6%) received payment through mobile money services. Surprisingly, no town market sellers received payment through mobile money services but physically from transporters. The mode of payment made through transporters is risky because they are likely not to deliver the money to the intended owners.
Benefits of using mobile phones in sweet potato vine marketing
Use of mobile phones in sweet potato vine marketing has been of benefit. This is in line with Mittal & Tripathi, (2009) . There were increased incomes through increased sales, enabling multipliers and sellers of sweet potato vines to meet their basic needs. Mobile phones made connection easer, improved the relationship between the trading parties by reducing conflicts, reduced losses and transaction costs and improved the quality of sweet potato vines sold to customers as they were delivered fresh on call.
Challenges of using mobile phones in sweet potato vine marketing
A number of challenges limit the use of mobile phones in sweet potato vine trade; inability to operate mobile phones, poor telephony network in the areas, mobile phone number of the other party being off/unavailable on the network and charging difficulties due to lack of power are the major challenges of using mobile phones in the business. Charging difficulties was also reported by (Syiem and Raj, 2015) among the tribal farmers in Meghalaya State in North-East India.
Factors influencing smallholder farmers' decision to use mobile phones in sweet potato vine marketing
In Table 3 , a number of factors were revealed to influence smallholder farmers' decision to use mobile phones in sweet potato vine marketing. Farming experience and sweet potato production experience were highly correlated with age of respondents and therefore were excluded from the model. Similarly, quantity of sweet potato vines sold in a year and field size were also excluded because of their high correlation with income. Town market sellers were also excluded here because they were given mobile phones by the project. The probit model fit the data with 63.8% (p < 0.0000) correct prediction of users and non-users of mobile phones in sweet potato vine marketing. The likelihood and pseudo of the probit model are also presented. Income significantly influences farmers' decision to use mobile phones in sweet potato vine marketing (P < 0.001). Farmers with higher incomes are more likely to use mobile phones than their counterparts. A unit increase in income increases the likelihood of using mobile phones by a marginal effect of 0.185, probably because with high income a farmer can afford to buy a phone, buy airtime vouchers, re-charge battery and pay phone maintenance cost. This finding agrees with that of Nyamba and Mlozi (2012) . Age has significant but negative influence (P < 0.023) on the decision to use mobile phones in sweet potato vine marketing, this was anticipated. An increase in age by one year decreases the probability of using mobile phones in sweet potato vine marketing business by a marginal effect of 0.009. This finding indicates that the use of mobile phones is grater among younger sweet potato vine sellers and multipliers than their older counterparts, probably because they are better educated. Also as one grows older, one may start experiencing visual problem making it difficult to operate mobile phones. Other scholars found that age negatively influences adoption and use of new technologies (mobile phones). This was found in Ali and Erenstein (2013) . Frequency of sweet potato vine sale positively influences (P < 0.015) one's decision to use a mobile phone in sweet potato vine marketing. Sweet potato vine multipliers who sell once a week are more likely to use mobile phones by a marginal effect of 0.085 than their counterparts who sell more than once a week. Probably because they need to look for market and get more customers to be able to sell more frequently. Furthermore, as was expected education has significant and positive influence (P < 0.029) on the use of mobile phones in sweet potato vine marketing. Educated people are more likely to use mobile phones in sweet potato vine marketing by a marginal effect of 0.033 compared to their other uneducated counterparts. This is likely because educated people may find it easier to operate mobile phones than uneducated. This finding is in disagreement with that of Nyamba and Mlozi (2012) who found that education has no significant influence on mobile phone use in communicating agricultural information. Quantity of sweet potato vines lost, primary occupation, group affiliation (group membership), sweet potato vine marketing experience, marital status, gender, source of sweet potato vine sold, distance to the market and price of sweet potato vines have no significant influence on the decision to use mobile phones in sweet potato vine marketing. The findings probably mean both users and non-users of mobile phones fairly have the same sweet potato vine marketing experience and receive the same price for each small sweet potato vines bundle.
Conclusions
This study characterised users and non-users of mobile phones in vine marketing and assessed factors that influence the decision for one to use phones in sweet potato vine marketing business. Results indicated that users were younger, more educated had more income, had less farming experience, sweet potato production experience and slightly more experienced in vine marketing. Social communication is still the main reason for buying mobile phones. Reasons for not using mobile phones in sweet potato vines business were; nonownership of mobile phones, nearness to markets, expenses associated with using mobile phones, inability to operate mobile phones, no phone contact of buyers and others sold through a focal person who liked them to buyers. Our results further revealed that 30.8% of the multipliers and 88.9% of the town market sweet potato vine sellers who used mobile phones in sweet potato vine business received calls from others districts as orders for sweet potato vines.
Mobile phones use in sweet potato vine trade was limited by: Battery charging difficulties due to lack of electricity, inability to operate mobile phones, poor telephony network and choice of channels to pass information to farmers. Despite the challenges, using mobile phones also had benefits. There was reduced conflict between the trading parties, reduced losses, reduced transport costs and improved connectedness and networking. Sweet potato vine multipliers called markets before cutting vines and got to know market situations prior to sending sweet potato vines to the market. Factors that significantly influenced the decision to use mobile phones in sweet potato vine business include; age, income, education and frequency of sweet potato vine sales.
This study therefore contends that use of mobile phones in agriculture has a great role in rural areas. Farmers received timely information by contacting the market without physically traveling to the market; they can receive payment for their products sent to the market while home through mobile money services and can find markets for their products elsewhere without leaving home as long as they have contacts of people in those places. The freshness of the product is not compromised since sweet potato vines are cut on request. Conflict between the trading parties and losses are reduced when full use of mobile phones is put to practice.
Poor access to information limits the economic potential of farmers as market participants and value chain actors. Use of mobile phones seemed to make information available to sweet potato vine sellers and improved their livelihood and position in the business, by improving their skills and knowledge. As such, mobile phones were said to have a great contribution in vine business. Multipliers/sellers were able to communicate and received payments for their products directly in their mobile phones without any geographical hindrance. The social aspect of getting people change to mobile money services is important; one can accumulate large sums of money by saving in his/her mobile money account, which can then be used to pay large bills. Saving in mobile money account also reduces unnecessary spending which is the case with physical cash. Women whose husbands are problematic are saved from their husbands taking money forcefully from them. Use of mobile phones in agriculture can help solve some of the market failures that smallholder farmers face as a result of lack of access to market information especially in rural areas. Our findings allude to the fact that investment should be made in programs that make it easy for smallholder farmers to acquire and use mobile phones. Basic education/training is much needed to boost up smallholder farmers' confidence to operate mobile phones. Also to encourage use of mobile phones in promoting agriculture, government should introduce and promote the teaching of ICT skills including mobile phone used in business in secondary schools and vocational institutes. Specific interventions targeting use of phones in agriculture should focus on luring the youth into agriculture and hence contribution to the reduction of unemployment.
Our results also show that lack of electricity in rural areas also limits use of mobile phones by smallholder farmers. Therefore interventions like rural electrification and solar phone charging stations are match needed so as to unlock the full potential of mobile phones.
Using mobile phones reduces transaction costs of conducting business. However, it is still not clear to what extent use of mobile phones in agriculture reduces transaction cost of conducting business. Further research needs to be done to investigate the extent to which mobile phones use in agriculture reduces costs of conducting business.
